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ccmxyrrmY imnrn^ a curmsflKfiKEWi oil shalb -jo 

Cy^^TB PISBMERBILITY AND SJlfiSECU>>flliV FRQIXCT OIL 

Ihis Inveaxtioii ralartes to ra-xwre-Hn^ oil. fxcca a siifjtacranaan 
oil shiili^ by meiflna of a ccuvSuctivo he^it drive prrrogij, ^V«:e 
liarticularly , tfie invenrtioo icelates to trGitiiig a r«3.ci,t-l\'ely thj.ckf 
ana substantially ccfft^i^rbEilv airpeTtpeable suJ^toorrfmcAn oil isJiais by 
jiToaDS of: ^. (TkTrvaHctive beating sn-oraao which both creates a 
permaabl^ ^scoie within a selected portion of t>ia nil sha.le aM 
sah99£5n]!eiii!tly ptodu£«s ehale oil liycirocarbQns. 

A pemeabiliLy-aidGd type t^f mniSuctlve lieat driVQ for 
procSucijiq oil from a sutot&rranean C5il jjh^l^ tk^ah iirvemtoa in Sweeten 

F.Ljung&truem. That process r ' "Which inv-entad abnut 40 y^r^ 
ago, was comiorcially uesd on a gimll scale in tho 19S^lfi. It is 
de!&?viba.i in Swedisii Patents 121,737> 133,136? 123,137; 
t23,i3fi; 125,712 an,i 126,674, in Uintbad Btataa Patent bto. 
2,732,195, and in jouinai articles such &gz "tJndergroiTrrf Sl^ale Oil 
Pi'rolysis Jtecorditig to the Towigstroam Mathod", Vblune 24 
(1953) Ko, 3, pagas Ufl to I23, smd "Net finsx^r Hocovorieis Eto The 
in situ Dielectric HeatlJig of Oil Shale", Oil Shale S^i^posiwrn . 
Prooeodlngfi 11, pa^ 3U to 330 (1978). In the S^^dish pcL-ooa^a, 
^'^t 1 ji7ectlon walls and fluid producd.ng wells yi&ce ooei^lftbed 
within a penreab:i*; i^&ar-surfflcri oil ahale fbimatlcan go tliat tliere 
was Ix^ than a thr^a-netrei reparation betwosn tha bareh^leR* Tc)& 
Ii3at inje*rtion wells weace equipped with el©ctr.\cal or othsx haatlng 
alxiiTiQaitfi ^Tiiilch were sim?nuiu3ed by a jibss of material, suc^i as sand 
or cecnant, arrangeil to trfmscnit heat intsy the oia ghale 'while 
Spoceventiiig any inflcwincy or outflowing of fluid, in the oil ehale 
fQK which tJte SVAsdieiti j.T£ouaEs wee deaign^d aj^ tested, tho 
psficmeabiXity was such that, dfiso to a cneitino^ua inflowing of ground 
vatazf a cx^twwoug Forpin9-out of irfater was ue&Ssi to avoicl 
wastir.g enfipgy by evapor^tli^g tl^ftt water. 

With xBspsct to ,aubflt38ntially oOT(4>leioly ijrpanftMhle, 



- z - 

rtiJatively cltiisp and )]elaLi.vcly thick oil cJtale tfeposit?, siidh as 
t}:os« vn bhc Piceance ISafli.a il\ t±ie Uiiitei atatoe, the pcia9:ij^\lity 
o£' titLliz-iiig a CDiiductive >upatli>g prooass fnr prcxSuoixiq oil was 
pr£wi(Xiaiy ooiisiderecl to be — aooordiriti ta prior tCcVrhirxjB and 
beliefs — a-yTnocnj.caLly ur^feasdhTe. 1^ exain>l(5, in the; 
ahcw(3-i<3cnti£ied O.H fSliftlo SyiiipoBlunx, the Ljumt^rrtirxiem iicrocess is 
characi;ori?cd an n prcxsess whioh "* ^-.fliiccesslully reoowyr^iicl >3hdlO 
oil by ecrifced^iing tubular filecUrijCTai heflcting elatisintfi within 
higl^-<friiti* stmle deposits, rhig TOLhod r^slied osi ordinary tlianral 
diffusiCtf) ior shale lM>Atirttj, whiclri, of OOUrae, reqiiiT^s laigu 
tfisiperatAiro <jrftdiHnta. 'CltuSf heating vws vexy tian-unifccrroj iranths 
wore rsaquired to fuliy iretarL- sicall j^xxn-?jize tolocKs of ohalft. 
Alaor iaidx iiaat ei^ergy was waatEd .in undd^rliEiatiixj tlie ahaiis xeginnA 
bfiyonrl the psriphary of tlna retartjTig ^one wid cA-erheauiiig tM 
sJialR closest to tivA heat souroe. Tha latter laroiblQin is ©RpecialLy 
ii[f;ortant x\\ tJie case of TVestenx shadssi , aince tJ'jerft'eil ereixjy i.a 
overhiaofted zan^n, cannot bs fully recovers by diffi35i.i.an duo to 
cndothGHnlc neaction?? whidi tafce place abows ahQjt &00 *Cr" (poKsje 

In Jiubgtanbially iniperneable tyfiea of relatively thick 
eiilA^iicraTTean oil shali? famBti.ons, the creating and maiiitaining of 
a ponTK5inbi£! Kone 1JiD?oagh inmicti ttie p^'rolysis prcxlucta c«n be flowed 
liaa been round to be a severe prdjiom. In (jSi Patent Pto* 3,469,376, 
it ie ataterf (in ooId. 1 and 2) that "T^iCi^ ar^ two JttcclMiriiairci 
ixwolved in the transport of liaat tJiocoagh the oil ah?^le, fleat is 
trarisferrod thnaugh the solid iMse of oil phaXe by cortduction, ^31'^ 
haat is aiarj txaitaferrod }jy oanvectloii tltrough the solid iragg of 
oil Rha3«. 'itA trft)is±Er Df heat coaiductinn ig a relativ^ily alow 
prooese. The avEraga Chenoal oanductsvit-y and AV^r<i)ge tbeiToal 
diff asivity of oil afaale ate aJx>ut thoea of a fixcibrlck. The matxix 
of esnljd oil shalci has fm «>cti:^TOly low permabiXity nuch lite 
urifjli*t€sd poraalain, AS a jtesuit, th3 ccc!]ivccti\ia transfer of hj&at is 
llmit*s:3 trj heating by fluid flows gbcainod in open channeils which 
traverse the oil shale, 'fboe© fit**? channels my 1» natural, ajid 
aj:tifloialIy induced fractUTDfi- On heatirjg, a layer of 
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pyiolyzed oil sl^le bailclg adj&aacTt tha cbanncl. lOda liiyeyr Is mi 
i)^oifg£uitc TwriTieral nisitrix which oontA-uui vrarjd.ivj clegrocs of c«rfeon- 
•J^ie layer i& an evcr-QScp-imdirjj t>arricr tn liaat flew f jam the 
hf?at±ng fluix3 in the channal." The x>ateait ie diractea to a EafoceHB 
for drcul&tijKy heated oil fjJiexle-pytsal.yslnof frluid thrr>ugh a fluw 
chiinne] while fidding abrasive pLnrticlM tx? tJ'je eircTiiating fluid to 
erode thp layer of pyxtjiy^^eci oil shisle being fonfi3cl iidjaneat to tlio 
chanrjGl. 

Althoogh the thefimal condLictivitj' arwl thormii diffusivity of 
iremy aubterraiifian oil ahales are, in fact, rclatlwl^f aajw-lar to 
those of ungXiued porcelain ai^d firohridk, US Patent 3,237,689 
postwlatos that '•a rapid aArance of a 2wat fiant-* (Col. 3, ILna 7) 
can be obtained by exchanging haat betMieen ths oil ahale aiid. a 
nuuifior iieactor oooling f iui<5 and describeg systEnns for u^lng such 
reactors either located on the earth's aurfaoe or In tlie oil ahalR 
deposit, 

l)S Patiaiit McF, 3,2M,591 iS2iy» (at Ool. 1, linea 3-21), "tha 
prod«cfcion of oil fx-om oil shale, by luting the ehale by various 
cnoanB gyach as ... an ela.7trical reaiatarce heater . , . haa been 
Atteit^Ttfid with little succeaa, , ♦ . Ecacttiring of ths shalo oil 
ptuior to tb6 application of heat thereto by iii situ caorebustioi^ or 
other means has bsan practised witli little success ijecausa the 
shale SWB3.13 upon lioating with conseQiient partial, cr oon^lete 
olosuro of the fracture*^' . The patait describes a pnxzeae of 
aegiieiitially h^tiiig (and bhus fiSAilling) the oil shale, then 
in3e!2tiii3 fly id to hQ^draulinaljy frocturo th© awollpjx gbala, thuan 
repaaliij'^ tJioae stepa uiTtil a hsat-btohle fracture has bassn 
prqpag^ited into a production tos11» 

US Patent ffo* 3,^55/383 doBcribea the aoconnilaticn of 
partially dapLetod oil ahale fxagccnts within a flow diaraicl such 
as a hori-zcinbal f raoturo beirbg held opea. by tlie pcesaaiire of tJte 
fluixS within the channel. T»i& patent discloses that if the channel 
Tcof is lifted tQ 5«i,ntaiJi a flow path abcj^ siKdra layer of 
(?ep]et^ 5hal6, the overlying rottunticna must he bent and, without 
puec^autiocns, will bend to an exteait carueing fractures to extend up 



to hhR mrfaoc of thE «aTtlu Ttic patent directocJ to a prooes;? oC 
it3t6rtnittenl:.ly rocluoinq the pce^5.?ure on the fluid within sucti aa 
fracture to ailw tha vceight of tiie ovreocbardGn to <rru9h and ocgtt^t 
tJw? layer of dgspletjei aftale. 
5 Tn a si^jnificant iportlon oi siAetantial-ly •linpc>rg igab lg aiv3 

colatively tbicOc oil ahale- <3epcisits, Bvncih aa tlx^SJS in the Piosaance 
Basin, I* vaixiajble reacuroa uf alaiimiumi is pr3e$ent in the lonn otf 
dBRiraanite. in OS Patcat No. 3,365,975, directed to reoororljjg 
aluioLiiiuiia valU6i& f rcsm retarted oil ahalefi whlxih have baan mined out 

10 flora Buch cte|?ositH, it pointed out thaX, \n a suibsfamtial 

ebsoi^oa of water, at tesnijea-atgrTes of about UOO t^he dawsocjibe ig 
oanvortfid to crystalline sodiiun al.urc±m.to. Such a water^fr^e 
i:etorting ceu^i dBccinposs (toLociiite in tte shale- to producK carboii 
dioxide, calcitt, and Toagnssimi axit3e so that magDncaium oxide 

]5 caiblnea witb part of the ailicsdn dioKide in the aliale^ in a manner 
pGoiittiijg a higher reo^isi-y ot the aluminium valuan tjy a losd^jg 
prwess. US Patent No, 3,502,37Z, dixecjted to utilizing eolutim 
mtniug to x&cav&t daweonite* Indicatea that where tha pyiolyRi? in 
effiected ty an aqueuoa fluid, suci\ ai^ ateant or the prodoote of 

20 undar<3ttmni centos bionr It Traiet be ccnductad At a low teqoeraturi* 
and tlius xolatively slowly, to avoid oonwerW Jig tJic daws^snite ap^ 
ofthav soluble alunniniuni aonpaimcls to an inBoluble mtJEEifll sjch 
analoitts. In US patent 39:5. J, 572, 838, a similar relatiwly low 
t«!^>ea:atura pyjxilyBa s I9 altomaitsed with injections of an oqusoua 

25 alkaline fluid oorrtairiing an acid-insoliitols chelatii^ agent to aid 
in loflching daareonite wltJioat forouug such Insoluble xi^iterialSfc 

Th^ presoTft in\'eiitiDci i:elates to a ptoceaa for oonducti\tely 
li&ating a adbterranesu\ oil ahalB £ontatlcTV in a mnneir arr^ged for 
popDducing oil fmn a eubterranean oil shales fooaratiou wlilcSi is^ 

.3^ i^iLtially, 9ub3tantialiy iitperroable. m acoardanoe iwith this 
irwetitiuci, the portion of oil shale cJsposit to be troated is 
aelectud/ on the l»3i3 of tha variartions vifJi dfi|>th In the 
cotpc^tition a/i laropertlee of its ooraponentB, to ha^-c propartiaa 
c:f3paW.e of iTVteracting j.rx a iwumer which enhance* tlis unlfonnity of 

35 the heat frants to an extent liauting tha timp and ea'ieTgy 



«xpe^x^il^urfla prp^iucing tha oil to values equivalent to than 
the value Ot the oil whlcll 13 prodMC*^. Tho aeXectloo of the 
treatment interval ia ba«4d on the gfi:^td« tuM thlckn^^ft o£ the 
I^ortian of oil shale deposit to tieated And the enhanccftfint it 
s>rovldea amountB to reducing tha awouat ot heat energy lost duo to 
exothftrtftic 9lcle roactions ^jid increasing the ftm&uiit at oil 
recovareid from a <yivoa gratis gf oil shale. 

itt acqot<Janc« with tnig invention &t least two wftliB are 
<roiiipiei:e« into a aubterran«aft ciii a^iaJt^ treatment interval which 
la flubfttantially irapermeable, containB Buhfltantially no woblld 
wator, is at least about 30 jn thick, la capable o£ canfloing fluid 
at process preaoure, at laafct subBtantiaXiy w,-itnin th« tre&tflient 
inteirval, &jid conta-tuB a grade and thickness of oil shale »uih 
that the averaga gtade In gallona of oil plus ^atf equivalent j'ftr 
ton by Plsoher iiifaay la at leaat about 10 and the product of tha 
^rade tlRie^ the thickneBB in iji«traa of th* oil ahal« ia ^*t least 
about SCO. 

Thus, tha present invention provides in a process in 
which cil is produced fron a fluhterranean oil shale deposit by 
exteikding at least one ^ach of hoat-inj^ptlng and f iuid^producing 

into the deposit, establishing a heat-conductive fluid- 
imoermesible l>arrier b^tveen the interior of ea.<fb beat- in j acting 
Tn&ix &nd the adjacent deposit, and th^n heating the Interior of 
each beat-lnjectlng wll at a telft|^eJ:atttxe eufJlcaent to 
eoiiductlvelv heat oil shaXa keregen and cause ^yrolyala products 
to fdtin fractures within the oil shaia deposit through vhich the 
^yrolyHlB prodacts are displaced into at least one production 
wall ^ an liaprovement for enhancing the oniforiuity ofi the heat 
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fronts Qiovl^^g tJirouffh the oil shale deposit, which coBprlecsr 

aet«riniDlug variations with depth tn the coapoaition and 
proj>«rties ot th* oil ahal« deposit; 

coTDplflting aald >i«at-injectiog and f luid«pxoduolng tfella 
BBlectively intp a treatHAnt interval of oil shale in which 
the oil shale deposit (a) is at least about 30 m thick, {b) 
le Bubstdutially impermaahle a,nil free of mobile water, 
(fl) has a compofiitiott and thlckn^as a«ch that th* product of 
th6 aveiag« tischor Aa^ay grade time a the thioknas» of th* 
treatment interval ia at least atoout 900, anrt \6) therftby 
cDntains component f> capable of interacting in a inauner 
enhancing the Qi^lfoxmity of a front of conductivaly 
transmitted heat, with said wella baing arranged so that^ 
at laa&t substantially tharou^hout said tta^tment intarval^ 
the well borahoies are subatantially parallel and ara 
separated by aubstantlally equal dlstancac of at lea»t 
about 6 m; and 

within the interior of each heat-lnjectina well maintaining 
an average teraperatura which, selectively along said 
treatment interval, is at least about 6 00**C, but la not 
higtx enough to thermally damage aqoipment withia th6 well/ 
while heat i« being tran«inltted_ away froai the well at a 
rate not fflgnlf icantly faster than that penaitted by the 
therjBal condqotlvitlea of the earth formations adjacent to 
the heatftd interval within the well. 

In a location In which a subterranean oil shale may 
contain portions srhlch are ^fsnerally suitable for use as a 
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troatment interval (as aescrlbad abovt) but are apt to b4 
l>«rmdated by Bubetiintially dlac!o«ueet<3<* tsatural fractures AnU/or 
i^lanes of weakness as wdll as h^ing located near boandarles of tha 
Qil recovory pattern and/ox nftat a potentially active aq«iierp the 
ape ration O* the present protffttffi can adv4nCageoU!»ly be combined 
%fit)i a use of •* guard weli^" located near the peri£ihery of the oil 
Recovery pattern and/oi: between a i>roductjlon well and an aquifer. 
Such gqai'ii we lis ar« extenaed at least auhmtantl^lly throygbout 
the vfetticaJ extent of the treatment intervale And the a4jacent 
forwAtiona are initisillY heated by thenaal conduction in a ©anner 
similar to that espicyed in the haat'lnjectino wells, except that 
the guard well« aire heated at temperature e which are too low to 
gasify significant prQi^ortion of the oil sfaale organic cgnponenta 
but are high enough to cause a slinlficant thermal expansion of 
the ro<2k matrix of the otl ahale deposit. 

in dome instancea, it nav' be desirable to maintain such 

a 




1288043 

" 6 - 

relatively lt:w t«Tpeu^^txi):e guaxtii wli hHotHx^g ttirxyjgtwut at: Icaat a 
sutigtai^tial portico tif tl>2 shale oil rH5C)OV>6iv procesa. In other 
instancBC, aftGr i:in initial reMMvoly low t«(t»rature heating of 
the guETd M^llSi it KBy Ije jidvantQgeou^i to li^L guard ^^Hh tit 
5 £iJx3ut tha tearperacure isckxjtcd for tN? hsat-iniecting iii 

orcter to expand thp pattccnt of ifwoQIs frcm whicli oiJ ie displcio&d by 
thsrntal cordun^i-m. 

AS used hcpoin xTegai-dincj the gcade of tl>& portion cxf oil civile 
to be taneated, the "average grade in gallons per ten ijy Fisutjar 

(0 Assay" refera to th^ following: Tiie det^-ndnaticjffi is? or 

equivalent to u dsterniiTiatioa conducted siJifctdintially a« dssjcrU^ed 
in thB A£>ttJl Standard Ttest Methnd li J904-eO, Crueiied raw shale ia 
6anpl^ tr/ riffle-BplittUig. The det-eminatioii of tho imojiit of ciil 
plus gas eqwiva-leart availaibla- f rum oil gha3e Is made by heating tl:*^ 

15 raw Shalt* froiu airbiant CeJi^^eraturc to 500 "^C in cant alqaTa.ni;7n>» 

a.llay retorts, vapouus distilled from tiYi smplA at^ cooled ard 
tha oondensad fxactioai 1& oDllectRd, The oU and watei* fractions 
are ©aparatjad, the vreiter voIuum (oont'tertBd to weidgtit equivatent) is 
tn&asured cxnd edbtractad frc«n tbc oil plus gdiater weigfet^ I'hft weight 

20 of imoandonsahi-e ^i^b evolved (gas-plus-loss) is then calcrulated 
by diffecejioe. The grada, as uaed in tlie "gradte timas tJiiokneas in 
niertre& of oU eliale" product , is the gallone of oil plus 
l^ydrtxaarbon <jiia equivaijent corrosponding to tJte total ^iqht i^f oil 
pluB hydrocarbcn <jas cvolwd by the heatjj'^* 

25 Ths weXla ai:e oonnpleted into tiie treatment interval and ar« 

arranged to pirovide at l^saat ocie each of hfisat-liiieacjtins and fiuid- 
pro:5ucing velle havliiqf fcoGrahalos ivhich, BvihatantijallLy thrcaghout 
tlio troatmant intert'oi, are auh^tantially parallel and ar© 
separated by substantially equal diatances of at least eibout 6 m, 

•JO Iii each l:Bat-injeotin9 well, substantially throuifhcAit ttie treatnent 
irrtcxval, tJio w&Ll-surxounding faoa of the oil shale fonrortion is 
peaHed vritJi a solid jcatorial and/or cement whix:h is relatively heat 
aTndttistiw a;u3 substantially fluid itnpectcieablH* .In each f Jjuid- 
ptoducing gohgtanUially throughout dto tneatacent interv^al, 

fluid ocnimmixration La «sbablished botwoon the well bareHoLe and 
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tlua oil dhale fcormation ciriJ tTv^j \irU. is eirxajigfcd for pixxkcintj 
fluid frcffi the oil shalo fomatitan^ TVie ii^texior of eech. 
Sru?£it-injed±irjg is bo&ttsd, at Isaat su4jB#--ani:ially tlircjghcut 
tJie trc&bittiit intiarviftl, at a rate or rates copable of (a J 
incrieaglng tJiG tenpBrflrtnjre within the borcholgt inter innr to at least 
i^y^t 600 'C and (h) maintaining a borcbolc interior tsiparat^Jre of 
at least abffjt 600 *C witlrjut causing it to bQcoma high enntagh tn 
tlU'riiTttlly damage ©quipneirt withiii tfiE bciirehole whll* tJie rate tit 
which bsjat 16 generatecl in tiie boretolG is &ub«tant3;a31y equal to 
that pennitted by the bssat cpcnviuctivity of the oil bhalcs foflnrtion. 

In a prie^erred entodlAeiit of the present process, the. Arterial 
for soalijuj the face of ttie oil shiCiie formation along the Iwrelwlo 
of at least one lieat-injecting well 1& a csicjifisid hattm rasing 
qrniTtjecS by ocfloast arrangied to fi)JL substantially all tif the spa:3Q 
tetatfsen each outejitTj^t xietallic elewsnt preseat wit]\in tho liitoritxr 
of tl^ Itjorehiolfi aiitl the adjacent i»o^ of thsa oil ghale fonnatiai^, 
with aaid ooment bsLVing a thenral ocnidurstlvlty at loast 
fiii>Btant\ally as high aa tiiat of the oil sJialQ Connatian. 

ESietejmTLnBtiains &r& madB of variat.lous with doiptJi iii tha 
cxxT?>asitic3ci afnd prpisrtlBS of the oil 3>ule deposit and, iu a 
5>artlcul2urly preferxedS pnocedure, hasaJ cn the variation with dcptli 
in tte heat oandustivity cf the oil shale dapbsit, tha heat- 
ijijecting wells are lieatfid so that relatively highex CeKperaturos 
art:^ allied art d^pthe adjacent to poirtione cf ths oil shal« deposit 
in villioh tho hcsat oonduchivir.y is relatively low. In addition^ or 
altematively, in varims situational the effective radius of at 
least om heajsrt-in jesting v?eli is increased by oreatiiuj an exponrted 
Iportiion cf the well baroJiolEa zmd BXtandii^ heat-coodvK7ting metal 
eJjeaents firan within tha heated viell Interior to naar ths ttail of 
tlia esqpanded ]portiaa:i of tha fcorrehale* 

the piieBEnb process Is valuable for use ^itkm a tnaatment 
intfiir\fal of oil shale which contains other valuable ledriSralB s'uch as 
dawsoniCe and/or nahaolite^ In swcrh a situation die present pcooeaa 
cx^tes a pentcablia which ie selectively loraited, withlii t]i& 
treatnKmt interveal ^ibd substantially within the Ixmadarios of tho 



paLtorii uscsd .for the oil proJuotion* The resulfearn: pcmioable 
is a zoQfit^ fi-oni which such otl-^er tniricxiils can ha arilntiorx- 

In geosral, tJie present iiw^tion U applioalJlAi to 
.S fiufc)St^itia.Uy any subterjranaan oil flhali? 'Seposit octitaining an 
intervftl of in±>Bti3nHal1y liTp&jacnci)£Sible oil sha3« which is 
3uhatan\t.ially frco of ipohil.e vaCer, is irorc iiian abmit 30 m tJii.c^, 
arid hag an adequftte tivera^ grade ui gallons per tun (FiEanher 
Assay) to give a grado-thickrifiifB prciduct aly>ot 900 or gi^eater. 
10 the avotiiige gracte of the heated ititErviil should he 9r©at€a* tlian 

abt:iut 10 gallotis per ton (Fiedler i\ssay> . vat>iin thaess lirai.taUonc, 
a hi£jJi=r grade- thickness laccoduct i.3 itioreasingly desirable if otiier 
oanditlms such as dsi^th rctiftin tins Esame. 

'XhZ invention will jkw bO cxplalnad in greater d^^il with. 
(5 T-eferrerxw to the acxxttipanyijig drawiugs^ iu wliichs 

Plginie 1 shows a plot (if relative rate of return (RR3 icnc 1982 
US dolltird im/esteEj ±n Ijistalllng and qpevating the pzoo3&& of th^ 
prosont invanticm, as a fDiictloa of oil sihale grade-thiokneas 
CGCTI) product, to pixduoe shalo oil at its 1982 valos, 
2y Figure 2 illustratafe a plot of thscrmal profiles at an 

db&arvatian well j:agar(3ing temperitures maasuned at different 
deptha (D) and timesB vithin tiiat woll. 

Figure 3 is a plot of the radial thsamal profiles at the 
i»dx3dla a£ a heated Bone after different timea of heatiiig, 
25 Figure 4 ia a plot of thenral oo(nA]ictivitie& psacallel and 

pc^rpendicular to ths beddliig pl£irjea of an oU ghale as a fiincbion 
of tcKpcrature. 

Pigvu:Te 5 is a qrajil^ of Pischer Aaaay yield witJb dsptli (D) In 
and aboi'O a haerb6d pooction of subterrBsnsw^ oil shald. 
30 5'igyres 6 AirJ 7 ine plats of hori:50«tal and vortic^il 

ttsiperatune parafiles within a heated portion ot OTbterxarjaan oil 

■Sl^le fOnn^t-ion. 

Plguna 8 i6 a sclieavatio illufttrAtion o£ a paction of a vk3 I 
cat^ilEztion arrang^irpnt suitable for praetieirig tha gireaent 
35 iiwentim- 
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v«!il paltQni ustsd .t'cr the oil proiactica* ThH rewltanu pcnwisible 
zonf^ in a zatifd fxcm which aadi ot-lier miruixials con ha aalntioa- 

In gaoeral, tJie present invention La applioalJlc* to 
fiubstaiitiaAly any subtcr^ianaan oil -ihal^^ (deposit ooitainirig .ui 
iiiterviil of BUbBtanHally liTpejmsidjifi ail sha]« which is 
suhataa^tlaliy frco of mobile wafjer, is irurt tlian fabrait 30 m thic>t| 
tind hag -ai^ aiAcquAtt: £Arerage grade ui gallons p&r tm (Fitacher 
Assay) to give a gradQ-thic3ateB9 prudunt of a)x>ot 9&0 or cf^eatisr* 
Ths aworcige grade of the h&ated Interval should be ^reatea- tiian 
about iO gallotts per tcm (Pisclier Assay). vat>iin thaea lim,t;atjLonfl, 
a hl^i=i: graae-thickne&s patoduct j.3 increasingly desirable if otlier 
oanditloms such a? aei3lb mwiin thie san^. 

tl^ invention will new be <5Kplaii3ad in greater detail witH 
i?efer5-noa to the hocacnpanying drawings , in wliichs 

F'hpm \ shows a plot o£ relative rate of return [RRJ for 1982 
US dollars irwesbed in inatalilnig and operating the prcx»ss of the 
present invention, a? a fwicttoa of oil ethale grade- thickneas 
C<3>srn) pcodiiist, to proiiaoB ahalo oil sit its 1982 vaiu-, 

Piguxe 2 illuatratefe a plot of ttiscrmal porofiles at an 
cJjservatian well regar^Siug tewperiturea creaaBured at. dif fearent 
deptlaa io) and tineR vithin that vrall- 

Pigure 3 is a plot n£ the radial thsafml profiles at the 
ndAile a£ a h«atet3 sane aftor different tamea of heating, 

Figur>a 4 ia a plpt of therral oo(najictivitiE& p3a;allel anrt 
pSirpendicuLar to the bedding pltoea of an oU ahale as a f-onction 
of tenpcratur©. 

Figune 5 is a grapJi of Fischer Aaeay yield witJb <3sptl^ (D) in 
aruJ abcvD a hezrte^S portion of subterrBOisai^ oil shale. 

f igures 6 anJ 7 are plots of horisxjiiital and vertical 
tenperature profiles within a lieated portion o^ siibterranaan oil 
•sJ^le formation. 

Flgura 8 i? a eiJlTeenatlc illuGtratien o£ a portion of a vwsU 
catplejtion arrangf-irpnt suitable fior practising the preaent 
iiwentiMi- 
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tar sdriri, Ljiingstiosft taaciwjs that tha in nitu hoatriiuy stnfi 
pyrolyisijig should )» doria in a portion of tJie xTrpem^ablc fom£itioc\ 
which U vertically <ymtitjLiafua to a viell-Iiiturounrec±iiiq fractm^ 
or a latyer ^Aild^ different geolcygical character and is 
permeabLe to flow of the fluid pocoduit^tK of the beating cir 

Ccntraxi' to t]^ lJtf>lic3tian3 of S\ich prior taachingg &rA 
beliefs, ap^ilicaats cliaoovnir<i:l tlvit the preaewtly deHcHl>acS 
ctxiiuctive heating procsegs is csCQataraicBlly feasible Dor u&ea in a 
aiibstantiallv ijrpetniBable sutaterraneiui oil shale* TMs lo ni:>t 
obvlxjua, particularly iji view of tJie fact that the pi-e^esnL process 
uises a amdit larger well ^jiatrijig thaa tlwit u&cid Iri the Sweaish 
pii-oness and the preaen.t pccccss i& cncidiint^ hy heating the 
injecrtfon vrells to tenparatures of at lea^t about (>00 ''C ^altbm^h 
€00 *C [i£3s bean said to bci Conducive to m fecorianicsa^y untenable, 
heat-mstljig, esndathezmic re&rtion?^ m ttj& Oil Shatle gyjipoaixTni 
Pirxraedings tcentiott)^ above) . 

By means of lahcratory field tfifet JEeii3a]c«ient3 and 
ijiathfimati^al nortfils of the present prooass, Eipplicants have found 
tliafc when tba wel3s ars fipcuaed, coscpletedx atjd operated as 
presently <feeccibed, the only rGsgioti in \*hich heat eancsrgy is 
atiliaed in ail endotliermic restrtioii ainaitita to lea? than alxrat 
of tte iLftaa to be heated, iind tha esnei-gy lost iJi that fashicri is 
ineignif ioaiit- Aiaplicamtg liavo nnad&urei the rate at which 
aiibatantlally ii)tt»j:5ni3able oil sjliale fonntitions axe heated ]yy 
oonduotivity, arv3 have dsteaonEidj-jaci tha amount of hsiat require for 
pVTOl^-^lug kerogen and thermally larassurissing the pyrolysis 
produste to preogures oapable of fracfcorliig a relatively d^sp oil 
F?h3:!« focmattoea and thermally displacing pyxolysia pcodncta tlirowigh 
tha iKij-created pemieal^ility, 

lha data nbt^iT^acl b^' such n«*iiisareniente in the field ^ in the 
laboratory Ituve bean einp1o!i*ed in oaloulatinns of power rogulro- 
jnent-a^ ooniTorfttcs, tinw to etart praaiction, proiect dviraticn^ 
ancfunt of iTTcductioci, eto», in nathematioal sljculatians that 
oorrelata wiWi tho field ai>d labmratojy data -and iiidicate tire 
tnacjnitudee of such factors io neepec^ to a full soals prncaas* 



- 11 - 

Tk)!3e oalcvilatioa^s iiidicatje that tliR pire-gcntly definerl procesb ij? 
tha oniy fih3lB o^L j^rudactkin x^ixxf-sii of which ctivlicantR aro owiirB 
w)dch ig oApable of cccxiarnLcally oljtaining oil frcfti a i:elativcly 
Iw grade oil bha^e fonwatifin, sxich as caw in whicJi tJie Fischer 
Assay 13 oiUy 15 galioi\-r. or less p-r ton. Olhie capaliility cian 
Increases the petxoltsunj ransirvosi u±" a ai9l^:iaonIlt propcartictJ of tte 
oil slMilc landR by a Idcti^r of six. In a^WiCicn, witii respect to 
prcKaassctG ior viwterqxotuid mi.ning aii3 ntylified in Eiitu retnrUjig oL 
ail .shaJe, the pneBsut pi-ccess Blgj>ific;emtly njvrrcaeres the anount 
of avaiiahie zezaircea liy elmbiatang tJv3 for support jiLLlara 
and iutorburden betVRMn ndjiing 2orii4s anfl by panviding a liieans £c)r 
treating siib&t«intially all of a very tliick IntiC^r/al of oil s^halc. 

The present proa^s^ c«n ocfcranl^goouiily ba a^^pllM to an nil 
Eshaije formation in whatih tJijers is uignif icaait canisent-ratim o£ a 
TiiiTiaral sudi as aswEWtntte cr nalioolite. In 3uch a foiTaEHtion tte 
procefls prcwidfiB a peiniMiblH zone trcxa which 3uc>i a muieral ran he 
rcocs^red. in addition , the preaenrt pcracass is paTfcicularly 
a*rantagsciig Jjfi ocmvertii^g daw&cmite to wator-aglvble coet^Kruiida of 
aluminiuri (pa*>ably rha-aluniiia) which have btjen {both d^oeiLly 
and physically) made available far solutian-mlnijig to produott the 
aluitiniiim — an eaasnUaX notarial which is in short fwpply witliin 
the united States. Iti ocffitras-t to many previoasdy propcLsed 
paroesssofi, tbs piocess of the present inv'^ticui roqulr^fS aib- 
stonti^Uy 130 <i*ater, involves minnjnal laroi dxarupticai, and uan ba 
ccndLietEid with minimal Eitawsspharic pollutlwi. 

Figure 1 Bhwfl the relLrtire rate of return for 1982 US dollar-* 
invosbBd in installing and opeoratimp the present ptoceaa in field 
£i£5>l3ca.tio(ns tlJat have bcDon mathamatioally ncxfelljed from ^ivta. 
d^tainsii b^' field and laboratory ciBaBureRBnts. 
Hy/iMPLE 1 

A DDXijasf of injecrtrion and jTOPoduction wellu qj? drillesd into an 
cpii 53hale lora^ation 4B m in thicioiess with 120 m of overburtten- Uie 
avtiage. oi.i gratia of the intdri/al .u 20 gallarss per tan as cleter- 
iniJifed by Fnschor Aseay* 

'fite vreU. psrttem i% a ^oven-fipot with each heat injector ab 



tha ccsnver of a rogular hDX5!93n surjcaancUng a contral prciAteiTig 
VKill. The spacing ±3 22*5 ih Ijstwsan proiwcers and. .ij>}GCtora. The 
pattfi-rrt nepeata w.itb producers aharir/j tha in-ifirtnrft in eaal) 
<iiroc:tioii col aoffTtiniies to f Dm a f ield-wldd! patteCTi cap?bble of 
pioSiiCLng a larnja quiintity of oil. T^he injectar-txa^xriucRr ratio 
appiroaches 2 to 1 itj a large fieJd. In FlbcanplB 1 the total oil 
proiiuctw tg 25,000 bat'nala per day throagtojt the a£ tliu 
project- 

Tne injection we.1.3st electrical haattsrs srB t3™gfnte4 into 
formation emd oonrecibad to 5^ power souroa on the aorfacB. I'ha 
production vkUs axo oqulEPped.with Btandarti oil field punp:5 for 
liftiruy thi} produced oil to the uta-face^ TVi© eljectrical injection 
rato i6 3*23 X Ifl*^ I«Ey/vieU per asty. the tertterature nf the 
injCiOtofs. LittainB 7.'50 '^C* 'ifrie -prodactlo&i wslla rBodi a teovinal 
t<?np^atur& of 300 *C after 33-34 yaara of operation. Production 
over thiA perio(3 averages 5-6 barrela/day par well, with tbe 
avoragG nurtfaer of active producing wells }yihig froais about 40nQ to 
5000, aoat oonsunjjtion is 1.1 x ID^ UJU/barrel of liqiiid oil 
pro^uctinn* 

Gaeeofja prodQcts coliected finrti the prodgction v&lla ray be 
u£5s3d for nn-^ite geiOTaticix of oloctrlcity ot othiar pirpqaea* lha 
oil--phaso potrolGUn which i^ ao prodiioed 13 superior to cosi- 
vmitioinally retorted gJiais oil, 'me nelatiTte rate of 3?etiim which 
osn be escpecbed fi^inm tb^ Ifbcanple J situation is. illustrated by the 

1" SitUGctxon daEiigTiatinn nn Pigiire I. 

A seriBa of in jectlcnx artA production wells are drills into tm 
okX 33ialo f onttttion 225 m in thicJcneaa with 300 m of ov^rburderx* 
The alflarage grade of tha oi3. 3Jiale interval is 26 gallotifi pet tCn 

as djejteYmxned by Fischer assay- 

Tbr? vxiXl pattern is tlie eane sawm-spot dssscrlbad in Exan^sle 1 
eiX065)t tiife i553a£:itig isj 13.5 m becs«3n wlls instead of 22.5 m. Total 
prodQcttjjon is 25,000 barrels/ctuy txouqhout the life of the project, 
the injector to produciar ratio etill appmachea 2 to U In the 
wells, the beators and production ecguipitent are aimiW to those 
<teiBcrib9d in ttenple 
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'ite ft.1cx^triOal injcctiDo rata is 10. S3 x 10^ BTO/well par day» 
TiiC! well taTporatuiKK r«^l-i 750 'C and tbe pittdunticjn 

wells xeauh a f liifli tcnpcratLire t>£ after a proc(LictiQn life 

of 9-1 0 yciM. Production cyvvtr this pariod averagss A2'-4^ 
hciri:e'l£!/<^y per wi>ll, with rJhe afuerage ntxtTntxjr of active prtjdirang 
wftli5 being eSrxxit 600. TOiw heat ccnsun^itioii^ L& rij> v lo^ imVbarrel 
lijqu3<^ oil provided* 

As in SxBnple I, gaseous prtxJuuts can ba xised for ca-6itc 
power gtaiorjition or othar purposes ^ the li<,juid proJucc v-iOJ )>o 
iii^hcit in quality than conV/pjititxiaUy retartocl shale oil* The 
iielatiTre rate of JCCtum wilidi can be ^axp&^te^ ig illUiitTatcd by tha 
"EX- 2'' situation c3eBlgx\atioo cn Pi-gure 1^ 

Table 1 liats oi^nbinations of oil, shale grjaJaH, thicJcnefsses 
ar>d grade^-ChickriDes ymaducti* which are generally suitable for ubs 
in the prpaEiit prooftfiis, "rtiii relative pciBitton-s of suc^i gr^atdi? 
tbictoiiiii ^jroductB vith respect to the relative rate;* of f inemcial 
TretuOT are illuatrated by the ctesigi^ationfi "PiH^ferrisJ RLinge"{P.RJ 
ana "EBpecriaUy ^xefornad Hanga^' fH.P.R.j on Figure i. 



TfiBlg 1 

c^ratfe {gallons/tan) TO iicJcness Gtrade x^ghic3cng3g 

30 30 900 

20 45 900 

10 90 90O 

MMa deairahle gra<S8 fhicknGSS exffltplfia are nJiowi as foltoa: 

Gr^da fqallona/tnfn) HIiiciknDag Grade x Thieknegg 

30 IfiO 450O 

25 60 1500 

20 300 6000 

15 fiOO 9000 

JO 225 2250 



la gejneral, the higher Lhe grade thidkite&& t^i^duct the more 
dmisinjJjlsj. iThB practical application is LindtEd only ijy the cibility 
to hsat tha dsBirad int^ri'aX- 
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Field 'Pegt toiiamjetiianta 



Test© w^ivfy oandaicbad in gm CQCcrpppirig of hjx oiJ. stiale 
foxEiattcci which is tvyplciil of aubRUntiaUy iKptstn^^le «v3 
Trelativoiy tiiick oil sliaLc a&potjita. Thirteca borobolea werR 
ariiled to t3<aptha ht*tween 6 an J iz m and warR arranged to pixA^ixia b 
pattern erf beatr-tniectLixi, obgsrvation iand f Juid--prcxIlLiction 'AtellBj 
witli the tjoreholofe Leuicj fipacecl about 0*fi m erpisrt in order to 
prcwidfi a re.lativ&lv rapid aoquifjitAoon of data. Haat was ijoeotoci 
at a i'Atf2 of about 1000 watts ijer metre for five days. After 
heat-in jcctiori wali teirperature l^aid reached 450 'C, a tcflip&raturH 
fAii'-otI test \so& run for one day. 

Pi^re 2 shows the vertical U-jemal profilxsii in an cfosOT^atiicn 
well, AS a functn^Qii of timo, Tha data was fit bed to a suEithsniaticaT. 
5i3J.utic(n diaGcribing the tenq>3xttture diatr-ibuticat around a 
f;inite-length liite hquj-o^ iiiside" a inedium of thaxnal oondactivity 
(parallel to boddiny) 3.25 mcaL/cni-sec-*C axjd thsrraaL OLTqvauctivlty 
(peoqpendLcailar} 5,25 moal/acn-aee-^C* Th^ specif ±c lieat caijacity 
iitilized in ths cialcxilatiGiia was coffiputed f ran ths tlienaal 
CDTwSictLvity/ thetttial diffusivity/ and averaga ijulk density of 
cores lOTwerod during di-illing of tlie wolls. Tha theni^i^'gical 
prcypasTtiaa for: tbe tlia oil bSiala in which thQ taets were ocmduqt^ 
are 5unn«rizfid in T^rtple 2. 



Pigura 3 sbrM? radial profiles oonput^ finr the inlddle of th» 
l«3atcd zoate for various haating tin^s (t) * At the end of a 
becnperatuEc build-up t^gt of 140.5 Jiours, tha averaige fosnration 
tectperatuto 3jubM>£s] the haatex aiid cfoseorvatioa wall was 120 



TftSLB 3 



llnxtial Kesar\'oir T6£i9?s(ratiirT& 
Fieciiijer Assay; 
33ulk Density: 
fSbeinnal Diffgeivity: 
Specific tlcat Capacity: 



20 gallon/tad 
0.Z24 cal/gm 



9.6 "C 
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FiguuE? 4 shcwg a oomparison of iahtu-atcxr>f vaiges ^and fii&id 
clatfl rtaiati'/es tr> t)w chsinal o^nduGtLvitSr ptiraliei tn ard 
pcrpt^rnlicnjlEir to the beddaiiq planes oH the oil s}iiila fbrmaticsnr as 
a function of tsici^rutture. The laboratory ocai^luctivity ifloaaureitfleritfi 
were made aivadiaceidt finmpltife of coinea frcro tlve obzervatioi^ well, 
iwing froroe o:>anc& cut petrallel to and azixre cut pexpeaxilculEtr to tJic 
bedding plame«»» A nn trogavnatmofijsJierid tffws uaed to elindn^tit* 
OKidation leaohira* The saraples were ccnstr^irJC^dt in tho vertical 
direction bat ware iiree ta expand radially. hti£sx tho ssn^ploe 
heated to BDO tlio rAdi&l expaneian averggad \.43%. I\s dxjwn la 
th£! fi^i:iesr laboratory valuQci £i£^ in eKcsiien-t agreeneiit with 
tl)a values odnpatJ^ frnra tbs field data. Iho taists indicate t>^t 
the themal octfidtjotivity is iwer in direction pcrperjdicuW to 
tJifs hedding plcmo, becauss ketogen layers haw a lower conductivity 
than tha dolonita isatri??- At tetTpexatures helow IQU "'C, the thans^il 
conductivity la esaentially igotixrpic, as ctoservod iei tho fic?ld 
tests. But^ that caaaductivity beccmeQ incceasiisgly anisotropic!, aa 
the i^)xgen is rcnoved (at teapwatiareB facitb^iQein 300 and 400 ^c) and 
gan begins to ocscuitj^ the epaoas bebiMsarj the laj'erB* iftxwe 700 ^C^ 
both tsie parallel aiid perpendicular oonAictivlty dacreaga ahaxply 
dufi to the c3siCEip:)5jitiDn of the dolcndte aiid evolution of OO^. 

y^cvsn a Gajbtorrameaii oil shale fiomnticn ia hearted thi^ oil 
flhalK *?3q3tg(nds as the tan|>erature lnc;roafi>ft&- When th& oil ahale 
tmtupurature xeachag a Joerogein pyrolyaii^g tenparatsura <fo(r oxBDncplo* 
frcm about 275-325 *C) additiDnal expaneicn foocces az© geaierated. 
Wie kierogen is oonwartecl to flxiids cnpabla of occupying *i larger 
volume thaii tha keto^an, aixd suc:h f Igids beoone increasingly 
pcceewwrized when the be«iiparature is Ifto^Gasod. As mm fluid it 
fortncsd and mora fluid ia heated, hydraulically ^r^iduced fractCTOS 
form witlun tho oil ^lialo fioiTOtioh. 

Fracturea which are liydraulioally induced within subterranaon 
©aith formationB fbanji along planes perpCT\d?.c«lar to tlio least of 
tha thr^ princapal cmprefluive stinesgeg (iie»^ one vertix;al and 
two iMJtuiilly pttrjjendicailar horizontal oosiiFJiesBxve stresses) i«*uch 
cxii^t t/itiiin any Bi^starr-anean earth fGrnortinn. However, whare the 
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KyKirau).lc fracttiren t-^jtd to bei vortiual, hooriyOTtal fracUires can 
ba foraiecl fcy injiautiiig heattjd fluids GO tiiat the wallii of tlv& 
vieartical fracturco «tre liHated unrfcaJ they 5i«>li siiut. Than, by 
liKxcasirig the fhiia injectiai lineaKiiiir^ to grealer thoa i^ASsrbaTxitaji 
presauxo, a hoTMcntat fracttire caxi be fozted^ Ruch process^ for 
thermally inducirjg tTws formation of YjodizaQtal f wtvorec by 
injecting CKiximaliy hssated gnxJ pocescurized fluids are- ctescriljoa la 
patents gucb as tJxCf dXf^-nientiar/Ki wS Pateat Ito, 3,28*!!, 281.; tJ© 
Patent Nb. 1,^55,391 by C-S. Hattha^'B, P. Vam^^iaro and C.W- \3biE?k, 
find US Patent Cifo* 3,61.3,785 by P.J. Cloficnann. 

flpt>l3.cants h£ivo norf disoavennKi Oiat when substontiolly 
iKpenreabl 5t 9\iJ>Cerrariean oil Est^les h^ing bbc pxis&^itly specified 
ccatoinatiotJ of gi-ad^ and thicknoss u-era canductively heatasO iia 
presently spocified., 9 of psmiKsability was fie(;elcped bctseeen 
walls within the oil alialGa, Altlioijgh tlie prcaer/t invention not 
preftviaed on any particular TOachanian, in the ciourss of euch a 
trcatirenrt tba heated oil shala iiehavBdt as thnggb it was suIajGoted 
to the atoov<a-de&;scibed tipe of proo5>»& for thennally inducing tJie 
fooiation of horl^tntai fr*:itare5. Sadi a beh*i^iour was wt 
predictable, sinco the t»:«iB«5T>t process i& cperated withfiut anv- 
injection of any tluid- It api>c>aar6 that when the present procscss is 
eparafcod witliin an ircptucise^^e oil fitoaLB, th& in aitu generatinn 
and (5.ti3plaoement of heated airf highly pressurizod fluids oecajra at 
the timsB and to the cxteanrta r,eficted to successively extend and 
horirajtally fractqrie through stKXJ&sfiivB portiana of f:he oil shale, 
whsn tbosa p^rticnd hecnne oordiKrtively ]\catod. Ttea zans being 
hiiated appeaxB to undergo a rolativQly unifcam, horizontaL/ radial 
c?cpansian through tho oil atjalsp act the rate set by tho therral 
cQoductivity of the oil shale, m ©ach auL-CEssivB lixiation in vihlch 
a Tcerogan pyrolyairxf tEfttperartui^ ia reached, fluids appsior to be 
f nrrred, heat«3 a]id presstirized so tliAt Bubatantially aity vertical 
fractures vjhich are formed within the hsaatad zons are subsequently 
cofjvcartnd to IxiriEontal fractures. 

JVgplicantii' tests indicated that sutostontially ail of tha 
fluid pyrolycis products of the oil 3hale tended to reiruin in cor 
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rsar Uio itx'-ations in which the^' w«re fonnad untn..1 iiicy wer^e 
fJigplaced, throat ^ijijgtantially hoi-^zontal friscturea, into veils 
adjoxjung tho lasat-iniectn^g wells- In nddn.tian, the fraetizre- 
i/iducijig pressure of flLiidsi in t^ie lioriztstitai fractures appt^s to 
liavto been ):^ced as tliaa^ f luic55 cxp^miM ^na i«ie cooled as hh^ 
moved away fxcro tlia botte&t particanjj of the IXKitc^ aoixt. 

'Xlins, thft pineaent px>0C6fi aeema to 3.ivA^ t>ua irovdiig of a aonc 
oi: kerogerrpyrolyaiiig teciperatures thtttiigti tha oil shal^i 
ijntBfliately betiind a sona csf J.jcx:ali2ed froctwring in whldx tha 
fracturea are, or Kxan bacojii?, hprir^tal friicturBa, Hia hcatliig 
and fracturing swneB seem to mdergn a, substantially uniforni, 
bariagntali radial estjanaion bhrou^^h tha oil ghale^ uiitLl the 
of fracturing r©acl:cifc a iocatirm (swell as the bor^il^oi^s of a 
prcjducticn well) fron wiiich the oil sl^lc Kj-rxalyaia prcducts ajx> 
witliclrawn. 

In additim, applicants hav© disajvenea tbat^ at l^ast where 
the rwerburdea^ pcQssurs ia maXlf th© zan& of perrnpability that La 
created betwaen adjacent walle retains a significantly high <2egreB 
of pcnteability after Idle fbmatione have ooolad, Thua it appears 
tfiat, ovan if tha owerburdsn pressuxe is high, an atpliczcrticvx of 
ttaa preeent prt5ccss is capable ot forming a wsii-interooKnecting 
zccio In which tha petweabllity reiniinB high or caii be i-eajiily 
restccrea by an injection of fluid after Bom or all of thsa heat haa 
aisaipatal* And, the ddjcfnaa and Ircation of that pe^roability oan 
be octntrolled hj' oontwUlng the rate of rairavlng ±luid fiwn the 
profSucing i^alla. 

m data ototaar^ by ineaaureite«rt:s in field testa of tXiet type 
eiew:rJbed abawc ^^t& ijiclaaive of: ttas thennal cofnductlvity of the 
oil E^icile f anration, the aioajnt of oil recovcxahla by Fierhar 
ajtalyr^s at varioua depths within fieated intervals of tha oii ghaie 
before and aftor hiaitijigp thes iiiaaaurGscient of the aaioont of 
pyrnlysi* prodocjts roooveredp and the like, hlula no octmnmicatioo 
QKtfeted between heat iJi:)cctora and produoexB at tajt etart-up, 
injcctlcria ut ew3 of the test deronBtxated tliat pexroioie 
channels had formead* Eha results of atandgrd engineering 
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calculations LxJicatJ.vea of. tJne apijlioabiiity of a crsnce^pt of 
the t^-pe cte.9crll>LHa iJdxwEi to the rri-^ulLg otoined by thfe t:aat3, 

Pi<ji?n3 5 is a <^aph of Fificiip.r A<:jjay yields, fruii the tarqwn 
zonD in the field test* as a fnnctim of dftpth 0. 'Ite hcati>d 
im^rval oxtefided fjiocn 4.2 to 6 Tiiti arilid curve ahow3 idie yields 
h«fo\^ the heatitig tntHtniRint and uhc. daehai curve shews tire yields 
*ftRi: Tietortittg was cscnpiatftd. yiolOe It^fora wk3 aft^ w»re 
oasentially tJie «?9aB catcidb tita heate^d ixiterval. Tl^ xncasuittiiicsnts 
were (nadb on cua.iea frcxn the- centre of the pattern IsefjorB hsating 
axxS an cares about \St csa ai^ay atter hoatiJig* The vaj-iatijooa Wliidi 
are apparent iu tho&s yields are witbin the nonual lijnita of 
aocurftcy for the ineiiaAgrlng of such \.'aiueB+ 

WitJiiJi the hfetited iaterval tho Flsc^je^r Aaaay yia34 r]rops fro*) 
an average of 20 g&llccia/tcn- before Ibe tust to lesH than 2 
gfllicana/ton after l\eatlnij. Hie retartJng efficiency within the 
pococesfi 2c:rtfs mar thw3 better than *^0l of Faflcber Assay, 

Tbe pattern arid extent of tho leoovery csenfiima ttte fiict that 
little oil was l06t ovtr the producijig liorlzua tliroucrh veuticaX 
fractures. In addition, the unifonoity in retorting efiicienc^' 
through the hjeated zone, Ittdicartea that theimal fronts ware 
approxlmatisly uniform over most of thjQ heated irrtei:val» 

The unlionoity of the thermal froiits 16 evfen nors apparent in 
Pigores 6 ana 7. 'lliiey sihow h:irii!ontal and vertical tenperaturo 
profiles c^louiated for a eet of vextlcaL lieaters in a five-gpot 
S!3uare pattom. Ihe set uHad in t]» oalculatiotis ijicluded four haat 
inijenteB and one oontre proaucar (rot .sivwn, but centorod bfitwean 
the hoatcors dhown on the figures) . Eaci^ Iteator u&s aasuiced to ba 
.^4 m long and haahed ab the jrat6 of! Hl-4 W/m. 

'i'he profiles yiijure f> (graphs of tcnporatur© variationa 
with diatawciw frcm the hcsrteirs) ware calculated alcoig a horizantal 
Hcaijccint Ijlj which axcenda through this iidd-pointa of haatera at 
npposite cornars of trja nqiHre* Figure 7 is a R^iT^illAr i^-aph of 
pro-fiLes alca^^ a vecticai aegment 1^1^ on the axis of feyttn^ry of 
ths pattern. 

Suctt calculaUon!^ SMicate that by tJia tiw KetortiJig 
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tjatiijeraturea (275-3^.5 'C) 4ux* reached at the ceiUre of thd x^atteim, 
iicro than 87% of its volwre ha3 boon ucjriwrtHd while coly about 14^ 
of the canvert&J voluim wafe heated to norc than 325 '^C, njrtheL-nocre, 
the calculations irxHcEite that n.f the pcwcx is tui-ried off or 
S i-©c3Dr3ftc3 befioTC ths ojaitn? i^suhea a taiigc^t terrtscrA-tiJit.e fiucti as 

325 '"C, the levelling off of tlio theunal trxxiLs will still haiit tJi© 
centre o£ the pattern to retxDrting taci^psmtures «iva will also 
rec?Uira the tertjjei-atiire ri^ae at the h£>atiir6. Ifaia cnodft nt opetratian 
can e«sur.TO tbat less thiin 10* of the heated voltcnc is iixxKt&S to 
10 ntjz?a than 3115 'C, aiui tilus can lixsieaeu tihe tbEoml efflcicavpy of 

tl!e p«?0C66li. 

Xn view of tho daiwe test n«RwUs and the oalcdiatioiw ha»ed 
oh thnae re5QltQ,r it appeATd th.it/ contxa to the parlor ttocliingB 
itfui btjliefa, tbs .mtial iregxarxmnhi lity o* an oil aiiale <3£:iJosit can 

13 b3 utilized as an advantage, Ihc iiiitial ijipermBahxiity cxa^f ij»s 
the fluids and Erjicturen within the wsll pattern, sItjcb no 
paurealjUity exists until thii sgqe tetweein tine, heat-lnj^in^ and 
f Laid-giitt3ducin^ wUs bBcaiie permaated by & pettezn of heat-indiicoi 
hcrizccital Ei'jtctiu'e!?* 

20 Xn tho presant pcoi:e!5i3, the rate at vMrAi faii*t is txEm5im.tt«3 

into t>\e oil shftlo ddcXTfiit is strongly affecced ]3y t]t& testporatuxc 
gradient hertMsen a h^t-iJijectiliQ well and tine sgrroundiitg earth 
fonrution. In a preferred prooedura, tha detetminatSoiiB of 
variations with dajAh in t^lfi ocmpogiticax and propcrti&s of tJtiA oil 

25 ahale dEposit- include a dototmination of the pattern of heat 

ccDfductlvity with deg>tli withifx the ©flsrth fonmatims odjfliL«t ta the 
heat-injecfcing wsU. Baaed on such dstetminaticna ths ta^ipecatures 
to v>^iidr\ At laast one heat-^lnjecting well is lieated AX^ arrangad to 
ba relatively high at tlie depths at which the heat ooKJuctivities 

3(V of tha adjaictint earth fbniaticna arc rQlartlvialy low* This tends to 
C3a«e© the rate at which he<it is f jraasmtttcd thnoui^h the earth 
j^cntncitioiins to bo substantially imifoxm along the axis of tha 
heat-infecting vrell. raiofcTi prooaauzeB can be utilized in ordsx to 
prcA'ifte hixjher teirperatures i/i ix^rticins of hsat iojo^Ttin^ wells 

jii ac3j*iiac3nt to eartii fourations of xolativaly low heart cnnduqtivity* 
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For 6x«Tnpl«, in W6lls vhich are b<iing he^ited bv ^Iftctrical 
retiBtanceSr additional xepistant elen«Ata can be poBltloii*d at. 
the location slZ ^tileh extra Ueatln^ l9 r«^uired^ preferably vlth 
precautions being taken to avoid the creation of "run-away hot- 
-pots" to IncreaRlng t^itperatu^r^ further increasing the 
r«9l8t«inc!d and thus further increasiAg th« heating, for example » 
aa described la the common Ly a&fiigne4 Cana4i«in patent ftj^i^li cation 
&«tial Mo. 495,854 filed November 21, L9aSp by P. V9X)Meur» «knd 

10 C.F. Van Rgmond, In v^lls be i tiff heated by combustion, morer or 
larger, or more heavily flrad^ burner elements Cftn be positioned 
io aucb lacatioi&fi. 

Suitable detertnln^tions o£ compoftltlons and properties 
of tho minerals an<&/or organic components of An oil shale deposit 
and tha variation b with dftpth in s^ch proper ties can be made by 
means of knowtt ^ell logglii$f, re&ervolr samplingr and ths llXe 
anaLytio&l proeedur^e* The determinations can utill£» (previously 
measured geophysical or geoqhemleal data or laboratory or core 
analyses, etCr For ^xae&ple, the variations with depth in the heat 

7<i conductivity of ttie adjacent Cormiatioha can be detarffltined fay 

oalcglatlona basted on the klnda and amounts of materials preaent^ 
and/ or by thermal goiiducttvlty lo^^lng measure nie at Sr et«. US 
Patent Bo, 3,ftO?,,327 dascrlbas a logging tool containing a 
constant, output heat source and three temperatura sensors tox 
obtaining a log o^ relative thermal conductivity wi tlx depth, 
Patent iTo. 3,&92,17^ describes lo^fging cased or open borshoie? tor 
tftmperatura/ apaoliic heat and theraal conductivity, employing a 
constant output heat source and throe temperature senaors. US 
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Patent MO. 3,864, 9C<f dft«cribea a logger for making station 
meaeuremontc of thermal conductivity by lieatintr a formation for & 
time thftu w^aauring the rate at. which the terapexature dflcayc back 
to the ^Tnbt«i)t teaii>€tatore. US Pfcte»nt Uo, 3,$dl,1^7 dGCcribea 
logging tberiral coaductivity of a cased well by ui«a6urlng the 
tttiBperatura of the casting wall before and after passing a heated 
probe along tho vail. 

Aa indicated abova, even with respect to & five-apqt 
pattern in vbich a aing}« fluid- ptdducing u^XX i& surrounded by 
four beaf-injeoting veils, substantially all ot the intervanlbg 
oil 
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shale caa^ h2 both rotortocS iuicl iiud» fjenreabla. However, Che present 
iiwenilon i& preferably cn9lr)ycd h\ a aacUste of ctanti^ixus sevens 
or thj.rtea>-3po(t patterns — in cithier t>I which pattens 
(p3rticulai-ly in the thii-teeiv-efpot jpattcm) tl'jc j^itortiixj tutu ia 
aignificcmtly incrBasetl by having eacU f J.Uid-px*X(»JUC?ixig 'rfOll 
GUrrcionclQCi by six or twifil\ie haat-injescrtingr wsil.ls. 

'Ills wells yscd in the presssvt £)tO'::e&ti can >jsa ccxnpleiteLl by 
mabstantially any methnd for <$r^l^ xvjj a Ijoretole into SJat^Vor 
opening a pna-eHcistLncr fcoreh:?1e intp :J^uLd ixwnamication with the 
subterraaiean oil shala lonoation to bet oted fis an oU shgije 
f jDaat3Eent iiTterval, In adWitiai lyo liaving the si^cdiiiod ;j>js€irjc» of 
significsmt nmcjantB of imbile wat^r* t^iidmess, «Xid grade, of oil 
fd^l&r tine inrberval to ^lAiieh the pi:e?^t pjxcesn if5 ajsplied sbcmld 
be oapaiblc oi oatifiniiig fluid at least Bdbetnntially within the 
treatiitent inborval,r at leaaet in r^&p&ct to Alleging nu significant 
IfiRkage into cwerlyipcr Xocaticxns When ths prosBiirts of tho fluid 
xieaohsiB pcToaePB pi^eswrer and fractures tlw fontatioiv within tl^ 
treatxneait ixit^rv^l. The bcsrsholBs a£ uellic cnn^Rted fcnr ufte in lh& 
prc^scait ExrooGSS shoiaXd bo ffiibcitatitially paoXLllel and e^paratsd by 
sdbRt^ntially equ3l <3l.'3tance3 of at least about 6 ra- DcoceJiole 
BE^Kiraticjn <\i&t:mvsii h=^'sen injectors and pEoducera of from abnut 
9 to 30 ca ar& particularly suitsilulo. Bori>hold8 fr^ o£ (kvldtioEta 
fiTom parallel, vihich cause vartatixms of mre thaui about 20 per ceiit 
of the w^ll dLst£knoc& ax^ partiuul^irly auitable. 

Xn ths beat-Jjnjecfcjng uised in the preassit prooess* 

ccm&nt or CEftYktSint-llto nisitorial which is a£€!d to sdcil along tliq faca 
of the oil g>^.:Ui forrtaticn i6 preferaJjly irelauively heat-ccnductive 
and flubgtantially fluid-inpermeable. ParticiiIarXy preferrec^ cements 
arci £t!»blu at ttsfuperaturofi of at Itia&t about 300 ''C* })av^ a 
relati^TCly high thsrtnal conductivities * relatively low partnsability, 
little or no chririkage, «ui adequate crsq of pungwibiliiy ai>d good 
chEfRica] resistanoe, etc. pexmeabiUty €ai3 disposition of tte 
sealing waterial should provicfe a ipeai capable of preventing an^y 
F^igjuf leant aiwyjiit of fluid f Iw bertwRen thu interior of the 
baretX7lQ and tiva face of tiia oil ahala faniKitianr so that tha 
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rxajisfesr of ileal f rcoi tJ^jC Wuil to tha fionnati.C3n is aibfltantially 
«ntire.ly >?/ ooni^ucti-CDi. ^^j&zc portions of the* lieAt-ijiiectiiig weU 
boretols ane affectiveiy incneased in <iiainiMjDr near uppar and loweai: 
cxtrciidties of tliii liTBcLUiuiit interval, fov exan^le^ )yy unctor- 
^ r^c^iiigj the cllaiujters ol^ the ijicneasBd portooois pn&ferably at 
-least about 110% of Hie nctninai boneholH diameter* Calcj.ura 
aiixnijate-bontled ooiwretes saWor oemants ooritaining aluniizia- 
silicate aggregates (or fiv& particles) arc particuLitrly AuitisJjlo 
for use as such fothatiun frice~£eaii.ng miafbeTia.Tit, rixamplj&g oJ! 

10 3Uital)le osKncnts ainci ocsacretoetB iricIadEi th:^ deBcribec^ in iis 
lia^tents such as 3^37^^,2S2; 3,507,332 aocl 3,595,G42* 

Fifinroe 8 <3bcw5t a poTticBX of a hcat-injoctificf wll lxux:JtQle, 
]x»rcliolo 1, WtiLch i& suitaJ^iio far use in the pocesent invention and 
13 locatodt within a ti^txiierit interval oi siibterraiTeaa ail ahaie 

IS depofiit. T^C^olc 1 ocnt&ln3 enlarged puorti-cnB^ sadti aa poxtajcna 2 
and 3, which c:an be formed hj.' c3anvei«;ional proocrfarcs swch a& 
undori^Daniirtg durincf tJriliipg/ etc. A caeiiig 4 ig shewn positioned 
within -die l3oriE^hal& 2ind oeitented intp place with a f luid- 
inperm^aJslo^ Iiiaat-ccndLictiv^ nurtierial, eodh a& oarent^ 

20 Within each enlarged borel^olfi portion, tho casiiKj 4 is 

egLiipped with at least one bi^at-oanauctive metal eLament, such as 
collar 6, ooantaiJiing rAdially ext^ai\'e elenipjita or pcorticvis^ such 
as fi^iJtjle metal Tiiieaibers 7- Bach hoat-^oonductivo niateriala form 
nelAtively highly conductive path© finr cjonducting heat frcro within 

25 Bw- intjerior of a bcrehols to subatantially the wall of an eniargsd 
ptirfcion of the baocehole, Exar^lea of switablo Jieat-ooftdtiifittve netal 
elements inclufe matal wall acratchera, torhnXavna Anda^erSr 
central jjiers and th$ liVe sucdi as a Haranor-Lcik Turtocbondfir, or 
Boltljok TMrbbbood^r/ available fxon tekerline division ot Bal^^r ou 

31} spools cor a 101 Bar S ocntralizur availahltj from AntatopB Oil TddI 
axi:^ Manjifacturlng Conp««ny, cto. 

With an arangettiert of the tj-pe shawn in Kigure 8* af least to 
aoiiio <^»ctt±»tr t]i» fnont of bBAt traanontittad a^y frcm a. heat- 
iiijecjtiTKj well con ba mode irora unifbrm alang a vertical lina 

35 tt^avorsing a layer of relatively lew hetrt: ocmductivity withofjt the 



- 23 * 

tieceaaity of TnaintalnltV3 a M^jliur tEtiperature in the pnrtxoi^ of the 
ucll adjacent to that layer. Vfiysa^ a imifotiu tttUf^Btature ih 
mintflined witJun ttia interior of t3*jO bconahole, tha earth firiTniatlcci 
face alonrj iMda on enlsirgBd portion of tlie bord^lo bcociLiBs l^tad 
to substantially tlie aiaio teeipsnrature as the fbiwa^im facx5 alosiy 
narrower portions of tloe bQritihol6» SincT^ tViH face of the forsnation 
afijo-iniug the borehole is boatod to the hi.ghef?t teniperatare of arty 
pCirtion in tha farmaii<ai, {ha tC.TpCJMtttirc c|rd;3xeint extendijig 
radially away fron the ^laiige:3 ixXTtlon oC thc bord-bDlfs is eliifted 
radially away £rm tlofe botehyJe^ 

Tn general, the heatiiig of tba iritEador of tha hRat-ipj«rt^ing 
\jell can be acaccnplished by substafttinily any tyx>« of bsatir^ 
desvioe, sucb as cortxaation *md/or e3.©c:trical tyi» of hcatii>;j 
oLements, or tha iiJoe, l^ie heatii^g elecnent 5h3ul«a ewtcaid 
iwahfltantially tlOTOigliDUt thut treartzrent interval (preferably 
t>irTcaugti!3ut at let^t about BO txjr oei^t of tliat interval) - Iflkiera a 
caTlc/.i£rtion type& }:ciiatiitg ^lemesnt is ubsgI, a gas-flrttd hcabcr la 
proferrM. alia f^dl ^ cnddaata ^ir a cootusticn hsater Isucb as 
tnetJianR and ovygsn) w> prGierat>iy BifEtplied trc&j^h separate 
condbita leaidin9 through a heat exchairpfiir in vrhioh th£i inuoming 
fluids ara heated by th^ cwtflcvfing ocsrtwstion producta- Tho burmr 
liousing and Quid cx:aiduit3 of a cxTirbuBtion haat-or ai-e preferably 
imtaXied v/ithin a wall conduit \iyhlch is sttrmjrtded by an annular 
apace th£it ia f illsa bj' the c:eTvent- f<»r 3&aUng the face of tha oil 
shalQ. oam^ally suitable types of cx^nbgE^ticmx heaOers which could 
be arranged for use in t3u> (Xt6£^\t prooe&a ane d^ecribaifl in us 
DaitentB such aa 2,070,802 j 2,780,450 and 2^902,270, 

pj\ eXectilcQl resistance hositor is particalarly suitable for 
h^tirxf ths interior of a h3cit*injec:ting vtelX in tb& present 
process. A plurality of rc&istanoe cleiaieats are preferafckLy viofd. 
The rRBistaiiTcia alernent^ can be mounted within or cxtomal to an 
internal concJult or rod, or siiiDply eixtendKl into the boroholc. 'VOaxm 
tlic reuiatanceft £xt& HXtdmal t^o, or are free of a 5afpQr(U.n)gr 
alexretxtr eudi as a conduit or rodr thsy are preferably enibec^cled in 
tiio corcnt ulucL^ CGais t]u^ f aca of tha oil alomg tha 
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ticcitn'fiat iinb^rval, GftreraTly suitablo types of ftlectriCiil tteflteiti 
which CCUld be arrimgad fer uee 5n the present ^SXiCQOC oxre 
deBcKbed in US PatoitS SUCii 2,^72,445? 2,484,063; 2,670,802? 
2,7.^2,195 aovi 2,954,826. 

In vai-j,cru9 iB!jeivoi.r situatiai\a, portions of aji tiii shaif". 
dc^kit viiicb «ould, in 9>°iief;cilj be suiti^>Ic £<xl' ub<& a txeatmBnt 
interval r da^soribsd in cm- pai^^t «pt^).icatac(D, £nay bo p&rtneiitied 
by AaL^urai fracturt^fs oiid/or pinr^B of viea)cne9?. ^uch relatively 
vjsak recks luay xn^deongo r<:lativcily long extenaicne of vertical 
friScturKu taihei^ prfts^wrized fluids losjiJig disfj-loioaJ awiay f jxxa an 
injectioci wall ocA«e iato tliEa»* Tbis tray nesuLt in extending fluid 
pas£wagerw«y3 Jx^j'Gind t]io openings into proigction wells? iincVor into 
^Kjocent aquif«>ra cTspdib^e of CQiCtsincf an infloiir o£ wattar to 
sKterit detrjL3ii£antal +-Q tr^e oil rocxjvcjci' process - 

Tile, l^jsm iji39t diHucaveced thart 9p;rh preoatJure fractxtre exUeiisions 
caji 1» avoided by drlllimg land hearting ''guard wrIIs^ within such 
relatively VTeak oil sJialo zones in locatloiii& &ui:rotindin^ a p^ttsi^n 
o£ lieat injecting fluid produciiig wells and/or in iocfltians 
iivtcrtdttent bBtwaen a heat injectiiig o;: flui4 producing atid 
an ad3acGnt saguifier. Sudh guard wells are -o.^^ for ooiv^buctively 
heatuig Uie odjoinlm? fbrmtlcxis substiintialiy tfriro^ihout the itU 
Rlia^ internal bo be treated to a tcicperatuxe which is too lodr to 
gasify significairt: prqpcxcticans of ti^ oil sliale organic ccnponents 
but >3 high enough to cau&> a £dgnif icant thafmal pjcpeLnBicm of the 
xockB* t^Tien thofla TOcks are Jieated the nartural fractures ate h&i^t 
cloe^ £md t^il3 fracturing aau&ad by stppi^oaching presstJLri'zed 
f Ira.ds (displaced away from lieiat-iJiiecting wells) tends to l5S 
lliidtocl to horiKCntstl £ractizLea cxDncentrated alorg the tjidpa i^Teat 
ta the heat'-in^ecfclng wells, vftiero fluid producing "X&llA aire 
iocatod sdb&taaiitially betwi»au tba haat-iniecting vrelle and ths 
guar<^ wells , tVie fractures arc fu^a&rETctlally extended into those 
wollOp Vherc tJ'je high fluid pressures oxq quickly rsduasd by ths 
piYidix:tiop Qf the inf icjfing f luid- 

Ihe encoimtering of such relatively ^weak reservoir rocks is 
apt to bs indicatect b^' an inflow of ;^ter into ve^l Lb diril JeiS .uitx> 
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such rccks^ Hi ganaral, tiui natural ftraotonciii crHufcing & y^lativ^ 
wacifciie95 ajnrl/or weitco: infloii cm hi tbeoiMlly cIogijcI by ci 
relati\nstly mild h9ai;l3«(, an loxg asi the fracture porooity l3 ixjt 
JJflOrti than atojt 5 par OTtCi* 
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L . In a pxood&e In ^iLch oil is prndiioad f rrm a subtemuieaji oil 
pJmla deposit \sy extending &t itaast one each of haat-iujectiiicr and 
fluicl-pmltjcin^ well* into the. dopooitp efitaibiifibirjcy u Iseirt- 
conductive f lidcJ-ixiperEneaiblP barrier bcrtwoGn the ijiterlor of oadn 
heat-injccbiiig wall aiuX tins adjacent taHposit, and then baa^t-irj^ tlv* 
Snteoor of each beat-lnjccting well at a teirperatura aufficaent to 
cxirductively baat oil. shale terogen and oaueo pyrolysls t^rocLtctii to 
ftmn fracturea ^^ithin tJie oiX shale <tepo3it througb w^uch the 
pyrolysia |(>roducts auro displaced intu at laaet cae pnodJKrfcinn w«ll# 
an i ufpro ve tnent fcr enhar^djig: the uniforadty of the Jiaat inraits 
mci^'in^ thrcFjgti the oil EsJTale clcpoait, lyhlcib octtciriscs: 

deftexminiDg variationB witJi depth ixi tha C0P!ipo9itjoa ecnrX 
propcxtlos of tha oil ehals deposit^ 
oonipletlng said haat.-£jnjectlng and £luid-p£oducin9 ^^11^ 
selectively into a troattiKmt intei^Fai o£ oil fihale in whidv 
ths oil fihaXe r3eposit (a) l3 at least about 30 ni thicks (b) is 
substantially impsnrfBabls and free of rooblPjo vatert (c> has a 
dcepoaition and thickn^bS £«iid> that the p[rodu<(;t of tlia av&^a^ti 
FiBchsr Asfligy graite times ths thickness of ths treabnent 
interval at ieaat ab^iit 900, and (d) tbsfretoy contains 
OGR9X^ient.3 capable o£ intor^ctiiiig in a tcdtrmgr enhoncixsg ttiia 
unifonnaty pf a front of oanilJiTtivoly tranEmdttcd haat, with 
said wella bsiii^ zu^riingBd so that, at le^aat eubstantiaiay 
thrcai?h3«t eaid treatment int»ryal, tJ^e wall boreholes are 
substantially i>%rallcjl and aeparuted by aubatantialLy 
equah distancieEi of at least about 6 nu, and 
vithiii the Hirtjerior of eaph hesit-inj^ting Aiaiwtaining an 
aViEssTfUJ^ tenp^'sture which p selectively alcsri^ Raid treatment 
intoxval, is at loast about £0o ^c, hut i& not high ^non^h to 
thernally danoge cgniixncnt wltJiin the uell^ whild heat is 
being transaiitted av/rv fxom tlis well at a rate not signl- 
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ftcantly fastor ttoi that i^sitidtted by the thaunal nan- 
ctucbivltijed of the earth Jjaaiutiuris adjaLKrit to Mm hsKitai 
interval witMn t>Te well- 

2. 'Oi^ poroce^ss of claim 1 in whirh, to the extesTt neguirew^ 

S kaop tJte rata at. w>dch Jieat is transEfiitte^ throxjti t>ie Oil S^a^.e 

dfipo«it {JUbstanrtlally uutium ulutiy tliL: oxeis o± the heated inter>7al 
of tha heac^tDjdCtlng the tEmtJ^raturta at wbicii at 

leaist one heRt-injectijng is hcatad is relatively hiciher at 
(3epth» adjaoETTt to partioDa of Lie oj.l siteile cteposit ijfi tetdch thj© 
If) heat oonductlvities are r&iativeiy Icwar^ 

3. 'the piEOCCSS of olaiTA 1 in t^ch the ratid uf hedtiiui the 
inberdjcTT pf at least cnw tieat-lniecting wall Is varied to an exteot 
ctku&incf €m effective levelliivg off of tbe (iheatnal front ;» t*>at tH^ 
rate of <iAiane!a thnotigh the oil ghal^ the thsxmal €raF\t i» 

(5 ocntdisuod at substantially t]*A ezicn^ rate while the rrate of liicMftSfi! 
of the neiqjflfrauir© within tlxe Jx^reJiolo is fsigaificantly roaiwa, 

4. Tha pnoLJEBB of claim 1 in ^ich the* heat-in jesting an:3 
f Iuid**produciiig \c&Us are arrAn;^^ in a series of conti^uoua 
patterns in ifliidi each fluid-proaucijig well is aiatxajnded by at 

20 least four bssat-injecfcing vwlls. 

3* lha pwsaBB of dsim 4 id whicb each flulfl-proctaclng well is 

sunt)Unded ty tMiaivt* 3ieab-in jcutin9 ^11b« 

6* process of olaliD L in vj$3idh ths oil bhalc gradb is at 

least about 25 gallons per ton and ths grade-thiotoegs product is 
23 <lt lOAfit about 45a{]» 

7. lEt^e process of olalini cain^ri£lii9 the sto^kg of 

- in aach heat-injecting wel3 p ^;ibL<9tarTtlaplJ.y thjccugtout the 
troatraeatt interval^ aeallng the faos of the oil ehala formatiooQ 
will) a solid xnateriaZ uhicti ia relatively heat'^oonducblve and 

30 siibstanirtlally fluid ijipemeabld^ 

in at least ocna heat-injecting veil uicxieaaing th9 effective 
di^iimVer of tl'ta bino^hole in at leaet ona porCicn of tha imatment 
inbsrval and eactmdin? at least cxna heat'^oOndoctiT^ in^tal elecnent 
fEcm witlaln the li^cterior of tho borehole to n^ar the face of the 

35 QO-cnlargttd portion of tlM borehole; and 

- 1 in oach nuid-producing well* substantially tlroughcut thR 
treatrneiTt Interval/ ectablishing fluid ootupfunicatijcn fcetween the 
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well tx>re aiv3 ths oil Gt^lm fcnmatica and airangiiig cha well, for 
pn:dionq fhxis^ frcwi llTe oil shaiB fontacioi^. 

B. the proceEE o£ claijn 7 in the irateriai saalin? tlie face 

of th& call shala foumaticti along ths bdrisi3Dl<i oli a t]£3cit-in>ctl[ig 
5 well L3 a oonent arrangecl to fill &u£iatantiallv all of tlie apace 
bGtKtren the oubanii^&t mtixilic t»leiofimt£» wlttilt} tho Intarior of tbo 
hareh:?le and t^ia fana tlTf> oil slvile foravitiCTi/ wltK ga,1^ oenismt: 

that of tl^ja oil tsbalss foirmatidcs. 

(0 9. 'Phs prccesg of claim L m VvW.ch at ].«^at. ons well located noar 
an «dQR of a patbein o£ heat-Injecting aixl fluLd-prcxiuciag v»11h is 
^t^i:)^ {fLlbstontially tiu.'Ojqhuut the trEsatxiient intei-\r£il cod iiESurta^ 
at A ternper-aitiirc} Mgli en:n»jh to coude a ttjemuil vAqynn^v3 Afidyor 
conpressivc stressing of tho; adjaoant earth formations but lew 

15 etic«gh to avoid aignificaiit tliennal KibbiliTwitian of organic 
cxxtpcxiBjAs of th& oil ahaia. 

10. iSie prooDsg of claim 9 in which At least caaa so hcatod v^l is 
£ubscquctitly bdat^ at about the tGnix^atiurB seloctedt for the 
}ieak3Yig of the l^SAt^injectiJig mils being eaiplcyed* 
20 11* The pircceaa of c^aim 1 in Which th9 viall horehi^les o£ said 
h^t-inj«^^i£Xi and £lulcl prpducing wmilB nx^ seporated by 
&DJ^stajitially equal distances of about 9 to 30 icu 
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shild iijJll ifi ^ubeoQuently pKcdwsod iron a subbarranoetn 
iriterv&l of oil ^lais, wliexe tlie intaxval la xaitlally 
substantially in^iisnnBoibXe ana cxsntaijiB a sp^if lecl gcaiSe 9(nj3. 
tblokness of oil Siaid ixitezv^al is cgndiictively heatad from 

b£>reh(>l<e ij^riors which are leapt hotter than aJxTOt €00 £md ane 
bcatiod at a rate sucli that Tcerogsn pyrolysla product^s fonnedt wi.ttiln 
the Dd.1 €ba3£ create and ^XoaT throjgh hDriecsatal £i'Ai::tufig& uhich 
aubd^ifititly beocico O8t€nd0d into fluicL-produclng \?d11s that are 
po-iilvtoneni in gpaci^-ied Xocationa* 



